Amaç: Karaci¤er fibrozisinin biyopsi ile de¤erlendirilmesi invaziv bir yöntemdir ve örnekleme hatas›na yol açabilir. Fibrozis evresini öngö-ren serum fibrozis belirteç algoritmalar› kronik hepatit C'de tan›mlanm›fl olmas›na ra¤men, kronik hepatit B'de benzer
INTRODUCTION
Chronic viral hepatitis is the leading cause of liver failure and hepatocellular carcinoma in most parts of the world (1, 2) . The need for treatment is obvious in patients with advanced or severe chronic viral hepatitis, in which the fibrosis stage is the most important predictor of morbidity and mortality. While liver biopsy is the standard procedure to assess fibrosis, it is invasive, with the potential of severe complications. Furthermore, biopsy is prone to sampling error, leading to 20-33% of false histological allocations, especially in patients with advanced liver disease (stage ≥F2 in the METAVIR scale) (3) (4) (5) (6) . In addition, the use of suction needles is widespread and often results in tissue fragmentation, further complicating a reliable assessment (7) .
Transient elastography (FibroScan) and serum biomarkers are validated noninvasive methods to assess the severity of liver fibrosis. Transient elastography and serum biomarkers are the first-step tools in the evaluation of liver fibrosis in patients with chronic hepatitis C (8) . In hepatitis B, these noninvasive tools remain less explored. Determining the severity of liver fibrosis is important for the decision to initiate antiviral therapy, and in the setting of chronic hepatitis B infection, in choosing the most suitable treatment regimen.
The search for noninvasive alternatives to liver biopsy for grading and staging goes back to the late 1970s when the aminoterminal propeptide of type III procollagen (PIIINP) was suggested as a serum marker of liver fibrosis and fibrogenesis, i.e., de novo formation of (hepatic) connective tissue (9) . Since then, other extracellular matrix (ECM) polypeptides that derive from laminin, procollagen type IV, procollagen type I, procollagen type III, as well as hyaluronan were assessed with regard to their ability to predict the stage or the evolution of liver fibrosis (10) . On the other hand, biochemical markers of liver function have also been evaluated as predictors of histological stage (11) (12) (13) (14) (15) (16) (17) . Despite these efforts throughout 30 years, none of these serum markers has received universal acceptance, in part due to the study of heterogeneous populations and the use of insufficiently validated assays.
In this study, we assessed the predictive value of nine fibrosis markers derived from the ECM (18) (19) (20) (21) as well as biochemical markers of liver function and inflammation in well-defined cohorts of adult patients with HBeAg-positive and -negative chronic hepatitis B and chronic hepatitis D. We could show that, compared to all other markers and their combinations, the combination of two of these markers, tissue inhibitor of metalloproteinases-1 (TIMP-1) and hyaluronan, achieved the best prediction of fibrosis stage ≥F2, when matched to histological fibrosis, which was complemented with spleen size and platelet count to minimize sampling error.
MATERIALS AND METHODS

Patients
Sera were collected from a total of 116 consecutive patients. Of these, 43 had HBeAg (+) chronic hepatitis B, 40 had HBeAg (-), anti-HBe (+) and HBV DNA (+) chronic hepatitis B, and 33 suffered from chronic delta hepatitis. Sera were either obtained at baseline from patients who had participated in various clinical trials (22) (23) (24) , or were obtained during evaluation of candidates for eventual treatment. In this context, patients represented a homogeneous cohort, since all of them had clinically compensated liver disease with a serum albumin >3.5 g, a normal bilirubin, and a prothrombin time not beyond 3 seconds of the normal range. Four patients were excluded from the analysis because of lack of one or more parameters investigated in this study. In addition, 3 more patients with biopsy specimens containing less than 6 portal tracts were also excluded. Hence, the study analysis on prediction of fibrosis by fibrosis markers is based on the data of 109 patients. The diagnosis of chronic hepatitis B was based on HBsAg positivity of at least six months duration. Hepatitis serology, including HBsAg, anti-HBs, HBeAg, anti-HBe, anti-HCV, and anti-human immunodeficiency virus (HIV), was determined by a microparticle enzyme immunoassay and anti-HDV by an enzyme immunoassay (Abbott Laboratories, Chicago, IL, USA). Exclusion criteria were co-infection with HIV, HCV and other liver diseases, such as hemochromatosis and Wilson's disease. Age and sex of the patients were recorded. Patients either drank no alcohol or consumed alcohol in amounts of <30 g/week. Information on alcohol intake was obtained during the initial assessment for treatment.
Blood Tests
The following hematological and biochemical parameters were collected from patients: platelet count, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma glutamyl transferase (GGT), total bilirubin, albumin, and prothrombin time. A total of nine serum fibrosis markers were measured: TIMP-1, tenascin-C, collagen type IV, collagen type VI, PIIINP, matrix metalloproteinase-2 (MMP-2), MMP-9, laminin, and hyaluronan. These fibrosis markers were quantified using monoclonal antibodies in sandwich immunoassays performed in an automated analyzer employing fluorescein-labelled capture and ALP-labelled detection antibodies, except for hyaluronan, which was measured with a sandwich based on hyaluronan binding protein derived from cartilage. Immune complexes were separated from serum using magnetic particles covered with monoclonal anti-fluorescein. The assays were developed for the BA-YER IMMUNO 1 TM immunoassay system and validated in a large cohort of liver patients and healthy subjects (18) (19) (20) (21) . Serum samples were stored at -80°C until use.
Histological Grading and Staging
Histological evaluation of liver specimens was analyzed according to the METAVIR classification (25) by two pathologists who were unaware of patient characteristics and the results of blood tests. Only biopsies where at least 6 portal tracts were available were used in the study analysis. Liver biopsies were fixed, paraffin-embedded and stained both with hematoxylin-eosin and Masson's trichrome stain, and fibrosis was staged as follows: F0, no fibrosis; F1, portal fibrosis without septa; F2, enlarged portal tracts with rare septa; F3, numerous septa without cirrhosis; and F4, cirrhosis. Necroinflammatory activity was graded as follows: A0, no activity; and A1, A2 and A3, mild, moderate and severe activity, respectively. Patients were classified as having advanced disease when fibrosis stage was ≥2. For the activity score, patients were classified as having active disease when grading was ≥A2. In addition to histological assessment, a gold standard was created for better definition of advanced liver disease. Accordingly, patients with splenomegaly, defined as a spleen size with a vertical axis ≥120 mm and/or patients with a platelet count of <150,000 were regarded as having advanced disease even when the biopsy result was not consistent.
Statistics
Data on demographics, biochemistry and fibrosis markers are reported as means and standard deviations (SD). Comparison between two groups was performed with the unpaired Student's t test or Mann-Whitney U test as appropriate. Multiple intergroup comparisons were made using one way analysis of variance, followed by post-hoc analysis with Bonferroni's test. The area under receiver operating characteristics (AUROC) curve was used to assess the overall diagnostic value of biochemical and fibrosis markers to correctly predict advanced liver disease. Logistic regression analysis followed by stepwise multivariate logistic regression was used to assess the independent effect of quantitative variables on the diagnostic accuracy of advanced fibrosis. SPSS for Windows was used for statistical analysis.
RESULTS
Patient Groups
Three groups of patients were investigated in this study: patients with HBeAg (+) and HBeAg (-) chronic hepatitis B and patients with chronic delta hepatitis. None of them displayed signs of hepatic decompensation, and all of them had albumin levels >3.5 g, a normal bilirubin and a normal prothrombin time. However, certain differences among the three groups emerged when demographic, biochemical and fibrosis marker data were analyzed. The mean age was different among the three study groups. HBeAg (+) chronic hepatitis B represented the youngest cohort, followed by patients with chronic delta hepatitis and HBeAg (-) chronic hepatitis B (29.5±10.6 [x ± SD] vs. 36.3±10.7 [p<0.01] vs. 42.9±9.5 [p<0.001], respectively). Among biochemical and hematological markers, albumin levels and platelet counts were lower and GGT was higher in chronic delta hepatitis patients compared to HBeAg (+) chronic hepatitis B cases (p=0.001, p=0.012 and p=0.01, respectively; Table 1 ). Platelets were also lower in HBeAg (-) chronic hepatitis B patients compared to HBeAg (+) cases (p<0.05). Among the fibrosis markers, TIMP-1 and collagen VI levels were higher in chronic delta hepatitis cases when compared to HBeAg (+) cases (p=0.001 and 0.003, respectively; Table 2 ), and TIMP-1 was higher in HBeAg (-) chronic hepatitis B patients compared to HBeAg (+) cases (p=0.0001). Other fibrosis markers showed a similar trend, but differences were not significant.
Characteristics of Mild vs. Advanced and Inactive vs. Active Liver Disease
According to the METAVIR score, 70 patients had early and 39 had advanced liver disease. Patients
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with advanced disease were older, had lower albumin, higher GGT levels, and lower platelet counts compared to patients with early disease, i.e., patients with no or little fibrosis METAVIR stage <2 (Table 3) . Six of the 9 fibrosis markers investigated, namely TIMP-1, PIIINP, MMP-2, laminin, hyaluronan, and collagen type IV, displayed higher levels in patients with advanced (METAVIR stage ≥2) compared to patients with mild fibrosis (Table 3) .
Of the 109 patients, 54 displayed mild (METAVIR <A2) and 55 marked necroinflammatory activity (METAVIR ≥A2). Patients with marked necroinflammatory activity were older and had lower platelet counts (Table 3) . Patients with active disease showed a trend for higher GGT levels, but this did not reach statistical significance. Five of the 9 fibrosis markers (TIMP-1, PIIINP, laminin, hyaluronan, and collagen type IV) were higher in active compared to inactive disease (Table 3) .
Diagnosis of Advanced Fibrosis with Biochemical and Fibrosis Markers
The diagnostic value of age and hematological and biochemical markers is given in Table 4 using ROC curve analysis. Age, albumin, prothrombin time, ALP, GGT, and platelet count had an independent predictive value for the diagnosis of advanced liver disease. Among them, high GGT and low platelets best predicted advanced fibrosis, with AUROC curves of 0.729 and 0.719, respectively. GGT at a cut-off value of 37 (normal values: 10-50), had a sensitivity of 67.5% and a specificity of 72.3%, and platelets at a cut-off value of 172,000 had a sensitivity of 66.2% and a specificity of 65%.
The diagnostic values of fibrosis markers are given in Table 5 . Of these, TIMP-1, PIIINP, MMP-2, laminin, hyaluronan, and collagen type IV were diagnostic, with TIMP-1 and hyaluronan offering the best predictive value with AUROC curves of 0.769 and 0.771, respectively. TIMP-1 at a cut off value of 711 ng/ml had a sensitivity of 75% and a specificity of 74.2%, and hyaluronan at a cut-off value of 64 ng/ml had a sensitivity of 70.7% and a specificity of 77.6%. The relative risk (odds ratio, OR) of having advanced disease using the cut-off values determined by ROC curve analyses were 5.42 for GGT, 3.63 for albumin, 3.63 for platelets, 3.55 for age, and 2.1 for prothrombin time. The OR for having advanced disease at cut-off values determined with AUROC curves for fibrosis markers were 8.65 for TIMP-1, 8.38 for hyaluronan, 4.52 for MMP-2, 3.57 for collagen IV, 3.47 for laminin, and 2.47 for PIIINP.
The diagnostic value of biochemical and fibrosis markers to diagnose patients with marked necroinflammatory activity (METAVIR ≥A2) was also explored. Many markers useful for fibrosis prediction were also useful for prediction of marked liver inflammation. GGT, platelets, age, prothrombin time, and albumin displayed AUROC curves of 0.676, 0.661, 0.653, 0.644, and 0.635, respectively. Among the fibrosis markers, TIMP-1, hyaluronan, collagen type IV, laminin, PIIINP, and MMP-2 displayed AUROC curves of 0.747, 0.733, 0.699, 0.673, 0.657, and 0.601, respectively (Table 6 ). Sensitivities and specificities to diagnose marked necroinflammation (METAVIR grade ≥A2) were 82.5% and 61.4% for TIMP-1 at a cut-off value of 661 ng/ml and 69% and 72% for hyaluronan at a Table 2 . Fibrosis parameters in the three study groups cut-off value of 49 ng/ml. When the gold standard, as defined by splenomegaly and/or a platelet count of <150,000, was added to differentiate patients with mild disease from those with advanced disease, the number of patients with advanced disease increased from 39 to 56. Thus, 17 patients (17/109, 15.6%) were reclassified with the gold standard from the mild or no fibrosis group to the advanced fibrosis group. Of the 17 patients, 13 had a platelet count of <150,000 and 4 had a normal platelet count but splenomegaly on abdominal ultrasound. With the application of this gold standard as the dependent variable, the area under the curve for fibrosis markers tended to increase for hyaluronan (Table 7) .
When stepwise multistep logistic regression analysis was applied to age and hematological and biochemical markers, age (p=0.037), prothrombin time (p=0.05) and GGT (p=0.001) arose as the three independent markers for the prediction of an (Table 8A) . With the gold standard, the independent predictive value of these single markers for advanced liver disease rose slightly (Table 8B) . When all of these four markers (age, albumin, prothrombin time, and GGT) were above the cut-off values determined by ROC curves, patients were 228.8 times more likely to have advanced disease. However, only 6 patients met these criteria.
Among the fibrosis markers, TIMP-1 and hyaluronan emerged as two independent fibrosis markers for the prediction of an advanced METAVIR stage. (Table 9B ).
DISCUSSION
The current study aimed to extend our existing knowledge on several points: (i) it was performed in a large cohort of patients with chronic hepatitis B and D, whereas most other studies were performed in patients with chronic hepatitis C and alcoholic liver disease; (ii) a large spectrum of well-validated serum fibrosis markers was tested together with biochemical tests in the same sample cohort (18-21); (iii) these markers were assessed not only for their predictive value of fibrosis stage but also of necroinflammation; and (iv) a 'new gold standard' using splenomegaly and a platelet count of <150,000 as indirect evidence for advanced liver disease was created to minimize possible sampling error in advanced liver disease.
HBeAg-positive chronic hepatitis B patients were younger than HBeAg-negative patients. This is expected and fits well with the natural history of chronic hepatitis B infection (26) . Delta hepatitis patients had lower platelet counts, lower albumin and higher GGT levels and thus had more advanced disease compared to HBeAg-positive patients, which again is in line with the known more aggressive course of delta hepatitis (27) . Delta hepatitis patients were older than HBeAg-positive but younger than HBeAg-negative cases, which indicates that despite its decrease or even disappearance in some parts of the world (28), delta hepatitis likely continues to constitute an important health problem in Turkey (29, 30) . Since the patient cohort was selected among patients who were eligible for various treatment trials for compensated chronic liver disease, we consider the above drawn conclusions as valid interpretations.
Our data show that many of the tested biochemical and fibrosis markers not only predict patients with advanced fibrosis but also marked necroinflammation. Although similar findings have been previously reported for some of these parameters (10, 14) , other authors found only a minor correlation between fibrosis stage and necroinflammation (31, 32) . In addition, some fibrosis-specific markers have previously been suggested to represent surrogate markers for inflammatory activity in the liver, since they were found to correlate better with inflammation than matrix content (10,33).
Our patients with advanced fibrosis were older than those with mild or no fibrosis. This is in line with the existing literature on patients with chronic hepatitis C (13, 15, 34) . However, in our study, age continued to be an independent predictive factor after multivariate analysis, which is in varian- Table 9 . Diagnostic value of the two independent predictors of fibrosis, TIMP-1 and hyaluronan, either alone (Table 9A) , or with the gold standard ( (17, 35, 36) , but in line with a recent paper (15) .
Among biochemical and hematological markers, GGT and prothrombin time were the two independent predictive parameters for advanced fibrosis by multivariate analysis. Similar results have been reported by others in alcoholic liver disease and chronic hepatitis C (11, 14, 15, 36, 37) . In a larger study in patients with chronic hepatitis B, the FibroTest, which includes GGT as well as bilirubin, gamma globulin, haptoglobin, and α2 macroglobulin, has been reported to predict fibrosis stage ≥2 with an AUROC of 0.78, sparing biopsy for 46% of the patients, and with positive and negative predictive values of 92% in these 46% (38) . Other studies performed by various groups have also indicated that FibroTest was a useful biomarker for predicting liver fibrosis in patients with hepatitis B infection (39, 40) .
Hyaluronan and TIMP-1 emerged as the two independent predictive fibrosis markers for METAVIR stage ≥2. Of these two markers, hyaluronan had previously been quoted as the single marker that most successfully predicts advanced fibrosis in patients with chronic hepatitis C (41,42) and various other liver diseases (37, (43) (44) (45) . Hyaluronan is a glycosaminoglycan produced by hepatic stellate cells among others (10) . However, elevated levels appear to derive mainly from decreased uptake from the circulation by sinusoidal endothelial cells (46) (47) (48) . Failure to degrade the increased interstitial matrix is a key feature of advanced fibrosis. TIMP-1 inhibits interstitial collagenases (MMP-1, -8 and -13) that degrade type I and III collagens, the major collagens in the fibrotic liver (49) . Increased hepatic TIMP-1 levels are instrumental in the progression of liver fibrosis (50) , and elevated serum levels correlate with hepatic TIMP-1 protein (51 (53) . However, this difference was not statistically significant.
The one major drawback of this study was that liver biopsies with 6 portal tracts were allowed for assessment. This may be seen as a weakness of the study since for optimal assessment of the liver biopsy, the requirement of at least 9-11 portal tracts is suggested (54, 55) . However, to circumvent the problems inherent in suboptimal liver histology, we validated the biochemical and fibrosis markers not only against liver histology but also against a novel "gold standard" including clinical indices of advanced liver disease. Using this novel standard, the number of patients with advanced fibrosis increased from the biopsy-defined number of 39 to 57. Only four of the additional patients had splenomegaly as the only sign of advanced diseases (with a platelet count >150,000), while the other 13 patients had a platelet count <150,000. Since previously, only the platelet count was added to predict advanced disease (11, 13, 32) , further addition of splenomegaly apparently provides an improved approach. In addition, it questions once more the reliability of liver histological assessment alone as the gold standard for assessment of the stage of liver disease, in view of the reported sampling error rate of up to 20-33%, especially in patients with cirrhosis (3-6). Furthermore, several liver biopsy needles with various needle diameters and differing techniques exist, such as suction, cutting and spring-loaded cutting needles, and in patients with advanced fibrosis the commonly used suction needles may not be optimal (56) . With these reservations as to liver biopsy, we believe that the novel standard is reliable for the staging of liver fibrosis. When this standard was used, the predictive value for advanced liver fibrosis of the combined use of the four parameters (age, albumin, prothrombin time and GGT), all of which had an independent predictive value after multivariate analysis, was as high as 228.3. Thus, when for a given patient all four parameters were above the cut-off values defined by ROC curves, advanced liver disease was almost certain. Since only 6 out of the 109 patients met these criteria, this information is unlikely to be useful in clinical practice. On the other hand, two matrix-derived markers, TIMP-1 and hyaluronan, remained highly predictive of advanced fibrosis after stepwise multivariate analysis when using the gold standard, correctly allocating 32 patients to the advanced fibrosis group, when using the "gold standard" as the dependent variable, with a specificity of 88.9% (32 of 36) and a sensitivity of 56.1% (32 of 57 patients). Once both of these markers were above the cut-off values in a given patient, as determined by ROC curves, this patient was 25 times more likely to have advanced disease. We think that the use of these two markers is simple and could be an important adjunct in daily clinical practice.
In summary, this study provides data that suggest that the use of two serum fibrosis markers, TIMP-1 and hyaluronan, can provide important information for correctly predicting advanced liver disease in patients with chronic hepatitis B. The validity of these tests should be tested in prospective trials. These fibrosis markers should be used to complement information obtained by liver biopsy, platelet count and spleen size. Such an approach could be relevant not only in clinical practice but also in studies assessing the natural history of various chronic liver diseases as well as their longterm treatment outcomes by minimizing misleading results obtained by liver biopsy alone.
